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PROBLEM TO BE SOLVED: To reduce the deviations in amplitude and phase of 
an output signal, also to expand a band and to miniaturize a circuit by inserting a 
transmission line which corrects to reduce the phase speed of an even mode, 
when the phase speed of an even mode is faster than the phase velocity of an 
odd mode into a connecting part of two connection lines which have a length of 
1/4 wavelength, constituting a marchand balun. 

SOLUTION: A 1st temiinal B of a lower distribution of a 1st connection line 1 and 
a 1st terminal A' of the lower distribution of a 2nd connection line 2 are connected 
though a 1st transmission line 3, whose line length is an arbitrary length L3. 
Related to a frequency characteristic when there is difference between phase 
speeds of orthogonal modes of the lines 1 and 2, respective changes of 
amplitudes and phases shown symmetrical characteristics, when the line 3 is 
connected and when it is not connected. Because this enables reducing the 
deviations in amplitude and phase of an output signal with a simple structure in 
which the line 3 is inserted, expanding an operation band and also shortening the 
length L3, the miniaturization of a circuit is easily realized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st terminal of the 1st tie way with the die length of quarter-wave 
length and the 1st terminal of the 2nd tie way with the die length of quarter-wave 
length are connected, and it sees from the 1st terminal of said 1st tie way. The 
isolation terminal of the 1st tie way concerned, When it saw from the 1st terminal 
of said 2nd tie way, and the Isolation terminal of the 2nd tie way concerned is 
grounded, respectively, it sees from the 1st terminal of said 2nd tie way and the 
passage terminal of the 2nd tie way concerned is considered as disconnection. 
See from the 1st terminal of said 1st tie way, and a signal is inputted from the 
passage terminal of the 1st tie way concerned. In the balun circuit which sees 
from the 1st terminal of said 1st tie way, and the 1st terminal of the 2nd tie way, 
and takes out a signal from the joint terminal of each tie way The balun circuit 
characterized by forming the transmission line between the 1st terminal of said 



1st tie way, and the 1st terminal of said 2nd tie way. 

[Claim 2] The 1st terminal of the 1st tie way with the die length of quarter-wave 
length and the 1st terminal of the 2nd tie way with the die length of quarter-wave 
length are connected, and it sees from the 1st terminal of said 1st tie way. The 
isolation terminal of the 1st tie way concerned, When it saw from the 1st terminal 
of said 2nd tie way, and the isolation terminal of the 2nd tie way concerned is 
grounded, respectively, it sees from the 1st terminal of said 2nd tie way and the 
passage terminal of the 2nd tie way concerned is considered as disconnection. 
See from the 1st terminal of said 1st tie way, and a signal is inputted from the 
passage terminal of the 1st tie way concerned. In the balun circuit which sees 
from the 1st terminal of said 1st tie way, and the 1st temninal of the 2nd tie way, 
and takes out a signal from the joint temiinal of each tie way the connection of 
the 1st temninal of said 1st tie way, and the 1st terminal of said 2nd tie way, and 
touch-down ~ the balun circuit characterized by fonming capacity between 
conductors. 

[Claim 3] The 1st terminal of the 1st tie way with the die length of quarter-wave 
length and the 1st terminal of the 2nd tie way with the die length of quarter-wave 
length are connected, and it sees from the 1st terminal of said 1st tie way. The 
isolation terminal of the 1st tie way concerned, When it saw from the 1st temiinal 
of said 2nd tie way, and the isolation terminal of the 2nd tie way concerned is 
grounded, respectively, it sees from the 1st temiinal of said 2nd tie way and the 
passage terminal of the 2nd tie way concerned is considered as disconnection, 
See from the 1st terminal of said 1st tie way, and a signal is inputted from the 
passage terminal of the 1st tie way concerned. In the balun circuit which sees 
from the 1st terminal of said 1st tie way, and the 1st temninal of the 2nd tie way, 
and takes out a signal from the joint terminal of each tie way The balun circuit 
characterized by inserting in a part of transmission line of the direction with each 
joint terminal and isolation terminal of said 1st tie way and the 2nd tie«way the 
transmission line which does not constitute a tie way, respectively. 
[Claim 4] The 1st terminal of the 1st tie way with the die length of quarter-wave 



length and the 1st terminal of the 2nd tie way with the die length of quarter-wave 
length are connected, and it sees from the 1st terminal of said 1st tie way. The 
isolation terminal of the 1st tie way concerned, When it saw from the 1st terminal 
of said 2nd tie way, and the isolation terminal of the 2nd tie way concerned is 
grounded, respectively, it sees from the 1st tenminal of said 2nd tie way and the 
passage terminal of the 2nd tie way concerned is considered as disconnection, 
See from the 1st tenninal of said 1st tie way, and a signal is inputted from the 
passage terminal of the 1st tie way concerned. In the balun circuit which sees 
from the 1st terminal of said 1st tie way, and the 1st terminal of the 2nd tie way, 
and tal^es out a signal from the joint terminal of each tie way The balun circuit 
characterized by inserting in GUKUTA in a part of transmission line of the 
direction with each joint tenminal and isolation terminal of said 1st tie way and the 
2nd tie way, respectively. 

[Claim 5] a balun circuit given in any 1 term of ****** 1 thru/or claim 4 - setting - 
said 1st tie way and the 2nd tie way - a semi-conductor substrate rear face - 
touch-down ~ the balun circuit characterized by being formed in the microstrip 
line which forms a signal-line way in a conductor and a front face. 
[Claim 6] a balun circuit given in any 1 term of claim 1 thru/or claim 4 ~ setting ~ 
said 1st tie way and the 2nd tie way ~ a semi-conductor substrate front face ~ 
touch-down ~ the balun circuit characterized by being formed on the 
KOPURENA line which fomis both a conductor and a signal-line way. 
[Claim 7] It is the balun circuit characterized by being formed on the dielectric film 
with which the laminating of said 1st tie way and the 2nd tie way was carried out 
to the multilayer in the balun circuit given in any 1 term of ****** 1 thru/or claim 4. 
[Claim 8] The 180-degree signal distribution circuit which is the phase contrast of 
180 degrees and carries out equipartition of the station dispatch number. In the 
balance mold frequency converter which consists of a frequency converter which 
changes the frequency of an IF signal said 180 degrees respectively in response 
to the fact that two outputs of a signal distribution circuit, and a signal 
composition circuit which compounds said changed signal Said 180-degree 



signal distribution circuit is a balance mold frequency converter characterized by 
being formed in any 1 term of claim 1 thru/or claim 7 in the balun circuit of a 
publication. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the balance mold frequency 
converter using the balun circuit which is formed simultaneously with other active 
circuits etc. on MMIC, for example, carries out distribution composition of the high 
frequency signal 1GHz or more, and its balun circuit. 
[0002] 

[Description of the Prior Art] A balun circuit is used as an electrical circuit which 
carries out distribution composition of the RF signal 1GHz or more, the amplifier 
and mixer which generally constitute a circuit using the amplifier and two mixers 
or more used as a unit unit in the RF circuit of a high power amplifier, a balance 
mold frequency converter (balance mold mixer), and others, and serve as each 
unit unit in a RF signal - about 180 degrees - a phase - shifting - about 180 



degrees from equipartition or each unit unit - a pliase - stiifling - etc. - it is 
necessary to compound Therefore, distribution/composition circuit which shifts a 
phase about 180 degrees and carries out distribution composition of the RF 
signal is established in the close mosquito side of a unit unit, or an output side, 
and the RF circuit is constituted. 

[0003] Drawing 23 Is the representative circuit schematic of conventional 
MACHANDOBARAN. MACHANDOBARAN shown In this drawing 23 Is a balun 
circuit which shifts a phase 180 degrees and allots a signal a compounded part, 
and R.Schwindt has reported it (1994 IEEE MTT-S InternationalMlcrowave 
Symposium Digest, pp.389-391). In drawing 23 this conventional 
MACHANDOBARAN 1st terminal A' of the 2nd tie way 2 with the 1st terminal B 
of the 1st tie way 1 and the die length of quarter-wave length with the die length 
of quarter-wave length is connected. While seeing from the 1st terminal B of the 
1st tie way 1 and grounding the isolation terminal C of the 1st tie way 1 
concerned When it saw from 1st terminal A' of the 2nd tie way 2, and Isolation 
terminal D' of the 2nd tie way 2 concerned is grounded, it sees from 1st terminal 
A' of the 2nd tie way 2 and passage terminal B' of the 2nd tie way 2 is considered 
as disconnection, See from the 1st terminal B of the 1st tie way 1 , and a signal is 
inputted from the passage terminal A (terminal 1). It sees from the 1st terminal B 
of the 1 St tie way 1 , sees from 1 st terminal A* of the joint temriinal D of the 1 st tie 
way 1 (terminal 2), and the 2nd tie way 2, and a signal Is taken out from joint 
terminal C (terminal 3) of the 2nd tie way 2, respectively. 
[0004] Drawing 24 shows typically the electrical potential difference of the 
standing wave on the 1/2-wave transmission line of the side (A-B') to which the 
tie way was connected, and a current wave form. Current I serves as max in the 
connection B (A') which Is the location of quarter-wave length, and an electrical 
potential difference V is set to 0. Furthermore, an electrical potential difference V 
serves as an opposite phase with an equal amplitude before and behind 
Connection B (A'). Since D edge and C edge serve as a joint terminal when 
seeing from B edge and A' edge, respectively at this time, the electrical potential 



difference V in B edge and A' edge serves as an opposite phase mutually with an 
equal amplitude. 

[0005] That is, the signal inputted from the terminal 1 with the above-mentioned 
configuration has the phase contrast of 180 degrees in a terminal 2 and a 
terminal 3, and is outputted with an equal amplitude. Although each property of 
conventional MACHANDOBARAN shown in drawing 23 is calculated value, it is 
shown in drawing 25 (output amplitude characteristic) and drawing 26 (phase 
characteristic). In both drawings, a thick continuous line shows the property (the 
output swing from terminals 2 and 3, phase contrast) by the conventional 
configuration, and a thin continuous line shows the property of an Ideal balun. 
The parameter of a tie way used for count is as being shown below. The count 
result searched for with the parameter of the conventional configuration is well in 
agreement with measured value. 
[0006] 

(1) Tie way parameter of the conventional configuration Ze=121ohm : 
Characteristic impedance of even symmetric mode Zo=21ohm : Characteristic 
impedance of an odd symmetric mode epsilone=3.02 : Effective dielectric 
constant of even symmetric mode epsilono=4.22 : Effective dielectric constant of 
an odd symmetric mode alphae=0.15dB/mm@10GHz : Loss of even symmetric 
mode alphao=0.60dB/mm@10GHz : **** of an odd symmetric mode (2) Tie way 
parameter of an ideal balun (non-lost line) 

Ze=500ohm : Characteristic impedance of even symmetric mode Zo=21ohm : 
Characteristic impedance of an odd symmetric mode epsilone=3.02 : Effective 
dielectric constant of even symmetric mode epsilono=3.02 : MACHANDOBARAN 
shown in drawing 23 has large amplitude and phase shift of an output signal, and 
effective dielectric constant drawing 25 of an odd symmetric mode and drawing 
26 show that the band of operation is narrow. The micro stripe mold MMIC and 
the uni-planar mold MMIC which form a passive circuit on semi-conductor 
substrates, such as GaAs and Si, at an active element and coincidence, such as 
FET, so that he can understand this from the comparison of the above- 



mentioned parameter Moreover, it sets to the multilayering and tliree-dimension 
MM\C whicli form a dielectric film in a multilayer on the above-mentioned semi- 
conductor substrate, and form a circuit on a dielectric film. The characteristic 
impedance of the even symmetric mode of the tie way which constitutes 
MACHANDOBARAN is not made greatly small theoretically, As compared with 
that a difference is in the phase velocity of orthogonal mode, and the RF circuit 
where loss of the transmission line which constitutes MACHANDOBARAN further 
is realized using a waveguide or a coaxial track, it originates in a large (in general 
0.1dB/(mm) or more) thing and **. 
[0007] 

[Problem(s) to be Solved by the Invention] thus, in MACHANDOBARAN formed 
on MMIC When a difference is in the phase velocity of that the characteristic 
impedance of the even symmetric mode of the tie way which constitutes a balun 
cannot be enlarged, and orthogonal mode There is a problem that the amplitude 
and phase shift of an output signal of a balun become large, and a band of 
operation becomes narrow, and that loss of the transmission line which 
constitutes a balun is also large had become the cause of producing the 
amplitude of an output signal, amplification of a phase shift, and band-ization of a 
band of operation, further. 

[0008] Improved MACHANDOBARAN which then, was realized on MMIC as 
shown in drawing 27 and drawing 28 is proposed. S.A.Mass has proposed 
drawing 27 (IEEE Trans.on MTT-41, No12, pp.2330-2335, Dec, 1993). Moreover, 
Y.I.Ryu has proposed drawing 28 (1995 IEEE Microwave and Millimeter-Wave 
Monolithic Circuits Symposium Digest, pp.1 55-1 58). 
[0009] With these improved configurations, the tie way which constitutes 
MACHANDOBARAN is fomied with an INTADIJITARU mold, and substrate 
thickness is formed on the semi-conductor substrate thicker than usual. By this, 
the characteristic impedance of even symmetric mode can be enlarged, and the 
phase velocity in both the modes can be brought close, and a circuit property 
better than the conventional configuration shown in drawing 23 can be acquired. 



[0010] However, with the configuration of drawing 27 and drawing 28 , since the 
number of lines which constitutes a tie way increased, and substrate thicl<ness 
was thick and transmission-line width of face became large, there was a problem 
that the miniaturization of a circuit was difficult. 

[001 1] In MACHANDOBARAN by which the object of this invention is formed on 
MMIC The amplitude and phase shift of an output signal of a balun, and narrow- 
band-izlng with large loss which cannot do greatly the property IMBI wardrobe of 
the even symmetric mode of the tie way which constitutes a balun circuit, which 
have a difference in the phase velocity of orthogonal mode and which are 
produced especially therefore are improved by addition of a simple element. The 
amplitude and phase shift of an output signal are to realize the balun circuit in 
which broadband-izing and a miniaturization are possible, and offer the balance 
mold frequency converter using it small. 
[0012] 

[Means for Solving the Problem] Invention according to claim 1 is characterized 
by inserting the transmission line in the connection of two tie ways with the die 
length of the quarter-wave length which constitutes MACHANDOBARAN. the 
connection of two tie ways with the die length of the quarter-wave length from 
which invention according to claim 2 constitutes MACHANDOBARAN, and touch- 
down - it is characterized by inserting capacity between conductors. 
[0013] invention according to claim 3 is characterized by inserting the 
transmission line which does not constitute a tie way in a part of transmission line 
of the direction which two tie ways with the die length of the quarter-wave length 
which constitutes MACHANDOBARAN are alike, respectively, sets, and has a 
joint tenninal and an isolation temriinal, respectively, invention according to claim 
4 is characterized by inserting in GUKUTA in a part of transmission line of the 
direction which two tie ways with the die length of the quarter-wave length which 
constitutes MACHANDOBARAN are alike, respectively, sets, and has a joint 
terminal and an isolation terminal, respectively. 

[0014] Invention according to claim 5 is characterized by forming each of two tie 



ways with the die length of the quarter-wave length which constitutes 
MACHANDOBARAN In a microstrip line In ****** 1 thru/or a balun circuit 
according to claim 4. Invention according to claim 6 is characterized by forming 
each of two tie ways which have the die length of the quarter-wave length which 
constitutes MACHANDOBARAN in the balun circuit of a publication In any 1 term 
of claim 1 thru/or claim 4 on the KOPURENA line. 

[0015] Invention according to claim 7 is characterized by fonming each of two tie 
ways with the die length of the quarter-wave length which constitutes 
MACHANDOBARAN on the dielectric film by which the laminating was carried 
out to the multilayer in ****** 1 thru/or a balun circuit according to claim 4. 
Invention according to claim 8 is characterized by fomiing a signal distribution 
circuit In any 1 terni of claim 1 thru/or claim 7 180 degrees In the balun circuit of a 
publication In a balance mold frequency converter. 

[0016] In MACHANDOBARAN, when a difference is In the phase velocity of the 
orthogonal mode of two tie ways with the die length of the quarter-wave length 
which constitutes a balun, the amplitude of the output signal of a balun and a 
phase shift arise. On the other hand, since it can ask for the phase velocity of 
even symmetric mode/odd symmetric mode as a capacity per unit length In the 
mode, the size relation of the phase velocity of the even symmetric mode of a tie 
way and the phase velocity of an odd symmetric mode In the MMIC concemed 
can be specified by whether MMIC of which format is adopted. 
[0017] then, in this invention, when the phase velocity of the even symmetric 
mode of a tie way is larger than the phase velocity of an odd symmetric mode 
The transmission line (claim 1) or capacity (claim 2) amended so that the phase 
velocity of even symmetric mode may become small Is added. On the contrary, 
when the phase velocity of the even symmetric mode of a tie way is smaller than 
the phase velocity of an odd symmetric mode, the transmission line (claim 3) or 
the inductor (claim 4) amended so that the phase velocity of even symmetric 
mode may become large Is added. 

[0018] Consequently, the amplitude of the output signal of a balun circuit and a 



phase shift can be made small, and phase balance can be maintained over a 
broadband. Moreover, since it is realizable with addition of the element which 
does not have to enlarge simple and circuit magnitude called the transmission 
line, capacity, and an inductor, a miniaturization becomes possible. Therefore, in 
a balance mold frequency converter. If the balun circuit concerning this Invention 
is used as a signal distribution circuit 180 degrees (claim 8), since a station 
dispatch number can be distributed to an opposite phase with an equal amplitude 
to a frequency converter, it can control that a station dispatch number is leaked 
and outputted to a RF outgoing end. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained with reference to a drawing. 

(The 1st operation gestalt) Drawing 1 and drawing 2 are drawings showing the 
configuration of MACHANDOBARAN of the operation gestalt corresponding to 
claims 1 , 5, and 7 of this invention. Drawing 1 is a perspective view and drawing 
2 is a representative circuit schematic. This 1st operation gestalt is related with 
MACHANDOBARAN of three-dimension MMIC structure. In addition, in both 
drawings, the sign of terminals 1 , 2, and 3, A-D, and A* - D' shows the 
corresponding location. Moreover, these signs correspond with what was used in 
the conventional example ( drawing 23 R> 3). 

[0020] drawing 1 and drawing 2 - setting - the semi-conductor substrate 1 1 top - 
- touch-down ~ a conductor 10 carries out a laminating ~ having - touch-down ~ 
on a conductor 10, the laminating of the 1st dielectric film 12 is carried out. Lower 
layer wiring of lower layer wiring of the 1st tie way 1 , the 1st transmission line 3, 
and the 2nd tie way 2 Is formed in the top face of this 1st dielectric film 12 toward 
the right, respectively from ******. The line length of the 1st tie way 1 and the 2nd 
tie way 2 is quarter-wave length, respectively. 

[0021] The end of the left in drawing Is the passage terminal A, and the other end 
of lower layer wiring of the 1st tie way 1 Is the 1st terminal B. The passage 
terminal A is connected to the terminal 1 of a signal input. Moreover, the end of 



the method of drawing Nakamigi is passage terminal B', and the other end of 
lower layer wiring of the 2nd tie way 2 is 1st temninal A'. With this 1st operation 
gestalt, it has considered as the configuration which connects the other end (the 
1st terminal) B of lower layer wiring of the 1st tie way 1, and other end (1st 
terminal) A' of lower layer wiring of the 2nd tie way 2 In the 1st transmission line 3. 
the line length of this 1st transmission line 3 ~ arbitration length L3 it is . 
[0022] The laminating of the 2nd dielectric film 13 is carried out on the 1st 
dielectric film 12 with which lower layer wiring and the 1st transmission line 3 of 
such a tie way were formed. The upper wiring of the 1st tie way 1 and the upper 
wiring of the 2nd tie way 2 are formed in the top face of this 3rd dielectric film 13, 
respectively. The upper wiring of the 1st tie way 1 is the isolation temninal C with 
which the end of the left in drawing Is grounded, and the other end Is the joint 
terminal D. The terminal 2 of a signal output is connected to this joint terminal D. 
Moreover, the upper wiring of the 2nd tie way 2 is isolation terminal D* by which 
the end of the method of drawing Nakamigi is grounded, and the other end is 
joint terminal C. The terminal 3 of a signal output is connected to this joint 
terminal C. 

[0023] Drawing 3 is the explanatory view of basic actuation of the 1st and 2nd 
operation gestalt corresponding to Invention (balun circuit which connected the 
tie way using the transmission line) according to claim 1 . Drawing 3 (a) is 
amplitude characteristic drawing (calculated value), and drawing 3 (b) is phase 
characteristic drawing (calculated value). In drawing 3 (a) and (b), when 
continuous-line (**) does not have a difference in the phase velocity of the 
orthogonal mode of the 1st [which constitutes MACHANDOBARAN ], and 2nd tie 
ways and continuous-line {**) has a difference in the phase velocity of the 
orthogonal mode of a tie way, a continuous line (Ha) shows the connection of a 
tie way the characteristic curve at the time of inserting the transmission line, 
respectively. In addition, the parameter of a tie way and the inserted transmission 
line is as follows. 

[0024] continuous-line (**) ~ (**) (Ha) ~ setting ~ a tie way ~ the characteristic 



impedance Ze of even symmetric mode - the characteristic impedance Zo of 
Ze=121ohm and an odd symmetric mode - Zo=21ohm and the line length L1 - L 
- it is 1 = 1.987mm and Zo=60ohm and effective dielectric constant epsiloneff of 
a characteristic impedance Zo are epsiloneff=3.3 in the transmission line. The 
value of characteristic impedances Ze and Zo is the same as that of the case of 
the conventional example mentioned above. 

[0025] Moreover, in continuous-line (b), effective dielectric constant epsilone of 
the even symmetric mode of a tie way and effective dielectric constant epsilono 
of an odd symmetric mode are equal respectively, and are epsilon e=epsilon o= 
3.04. Moreover, in continuous-line (b), epsilone=3.04 and effective dielectric 
constant epsilono of an odd symmetric mode of effective dielectric constant 
epsilone of the even symmetric mode of a tie way are epsilono=4.22. Moreover, 
in a continuous line (Ha), on a tie way, effective dielectric constant epsilone of 
even symmetric mode and effective dielectric constant epsilono of an odd 
symmetric mode are epsilon e=epsilon o= 3.04 equally, respectively, and the line 
length L3 is L3=0.28mm in the transmission line. 

[0026] Drawing 3 (a) and (b) show that change of the amplitude at the time of 
inserting the transmission line with change of the amplitude of (**) and a phase 
when a difference is in the phase velocity of a tie way (Ha), and a phase serves 
as symmetry mostly considering (b) as a core when there is no difference in the 
phase velocity of a tie way. Therefore, the characteristic impedance of the even 
symmetric mode of a tie way and loss are the line length L3 suitably about a gap 
of the phase of MACHANDOBARAN produced based on a difference being in the 
phase velocity of orthogonal mode although it is the same as usual, and the 
amplitude. The simple configuration which inserts the 1st transmission line 3 can 
amend. 

[0027] From the above thing, the balun circuit of this 1st operation gestalt It is the 
arbitration line length L3 about between the 1st terminal B of lower layer wiring of 
the 1st tie way 1 , and 1st terminal A' of lower layer wiring of the 2nd tie way 2. By 
the configuration connected in the 1st transmission line 3 Like the conventional 



example ( drawing 23 ), when a signal Is inputted from a temiinal 1 , it turns out 
that it functions on a terminal 2 and a terminal 3 with an equal amplitude as 
IVIACHANDOBARAN to which the signal with which phases differ 180 degrees is 
outputted. 

[0028] Hereafter, actuation of the balun circuit (MACHANDOBARAN) of the 1st 
operation gestalt is explained with reference to drawing 4 - drawing 6 . Drawing 4 
is the line die length L3 of the 1st transmission line 3 which connects the 1st tie 
way 1 and the 2nd tie way 2 with the die length of the quarter-wave length of 
MACHANDOBARAN of a configuration of being shown in drawing 1 and drawing 
2 . Relation with the band of the balun when changing is shown (calculated 
value). In addition, the example in working alignment frequency the band of 
20GHz of a balun was shown. 

[0029] Here, the band of a balun of operation is made into the frequency domain 
which fills 3dB band of the output signal of each terminal in addition to the 
conditions of less than ten phase contrast and less than 1dB of amplitude 
differences supposing the case where a signal composition distribution circuit is 
used for a balance mold frequency converter etc. This refers to what S.A.Maas 
has reported by the work Microwave Mixers Second Edition, Artech House, INC., 
and 1993. A characteristic impedance Zo is [ Zo=60ohm and effective dielectric 
constant epsiloneff of the parameter of the 1st inserted transmission line 3 ] 
epsiloneff=3.3. 

[0030] In drawing 4 , although the fractional bandwidth in the conventional 
example ( drawing 23 ) is the narrow range of O mark, as a frame encloses and 
shows, it can expand the fractional bandwidth of a balun to 1.8 or more times 
with the configuration of this invention concerning claim 1 which introduces the 
transmission line which connects a tie way. Drawing 5 is frequency- 
characteristics drawing of the phase contrast at the time of making the line length 
L3 of the inserted transmission line into constant value (L3=0.3mm), and an 
amplitude difference. In addition, phase velocity is the relation of the phase 
velocity of the phase-velocity > odd symmetric mode of even symmetric mode. 



[0031] In drawing 5 , a thick continuous line is the property of the balun of the 1st 
operation gestalt with the transmission line of the line length L3 (L3=0.3mm), and 
a thin continuous line is the property of the balun of a configuration 
conventionally without the transmission line. As shown in drawing 5 , by inserting 
the transmission line which connects a tie way shows that the amplitude and 
phase shift of an output signal of a balun are small. 

[0032] That is, as shown in drawing 1 and drawing 2 , by the simple configuration 
which inserts the transmission line between two tie ways of quarter-wave length, 
the amplitude and phase shift of an output signal of a balun can be made small, 
and a band of operation can be expanded. Drawing 6 shows the band of the 
balun when changing the line length (LI) of the tie way which constitutes 
MACHANDOBARAN of operation (calculated value). In drawing 6 , an axis of 
ordinate is the line length (L1/L10) of the tie way standardized by the die length 
(L10=1 .987mm) of the quarter-wave length of a 20GHz tie way. An axis of 
abscissa is a frequency (GHz). Moreover, the frequency range connected with O 
mark and a straight line shows the band of a balun of operation, and intermediate 

- mark shows the center frequency (Center frequency of coupler) of a tie way. 
[0033] As shown in drawing 6 , although the upper limit of clock frequency 
becomes high with lifting of the center frequency of a tie way, it is only increasing 
slightly about the minimum of clock frequency. That is, since broadband-ization 
can be easily realized since only an upper limit can be made high, without hardly 
changing the minimum of the clock frequency of a balun even if it makes center 
frequency of a tie way high (it is about line length), and tie way length can be 
shortened, the miniaturization of a circuit can be realized easily. 

[0034] this 1st operation gestalt - a semi-conductor substrate top - touch-down - 

- although the structure of the multilayer / three-dimension MMIC which forms a 
conductor, carries out two-layer formation of the dielectric film on it, and forms a 
circuit on that film was shown ~ a semi-conductor substrate rear face ~ touch- 
down - effectiveness with the same said of the configuration of the micro stripe 
mold MMIC which forms a conductor is acquired. Moreover, the same 



effectiveness is acquired, even if It bends a tie way and the transmission line the 
shape of a meander, land In the shape of a spiral for much more miniaturization 
and forms. 

[0035] (The 2nd operation gestalt) Drawing 7 is the perspective view showing the 
configuration of IVIACI-iANDOBARAN of the operation gestalt corresponding to 
claims 1 and 6 of this invention. An equal circuit is drawing 2 . This 2nd operation 
gestalt is related with MACHANDOBARAN constituted from a KOPURENA line. 
In addition, in drawing 7 , the sign of terminals 1, 2, and 3, A-D, and A' - D' shows 
the location where drawing 2 corresponded. Moreover, these signs correspond 
with what was used in the conventional example ( drawing 23 ). 
[0036] As shown in drawing 7 , the two transmission lines, the two transmission 
lines of the 1st tie way 1 and the 2nd tie way 2, are arranged at juxtaposition, 
respectively, and one side of each two transmission line is connected to the top 
face of the semi-conductor substrate 1 1 a little in the 1st broad transmission line 
3. moreover - the top face of the semi-conductor substrate 1 1 ~ touch-down - 
the conductor 10 is formed. Therefore, the amplitude and phase shift of an output 
signal of a balun can be made small like the 1st operation gestalt, and a band 
can be expanded. Moreover, since there is no degradation of the frequency band 
of a balun also as quarter-wave length of a frequency band higher than the 
center frequency of a request of tie way length, the miniaturization of the part 
circuit which can shorten tie way length is realizable. 

[0037] It is the same, even if it bends the shape of a meander, and in the shape 
of SUBAIRARU for much more miniaturization and forms with this 2nd operation 
gestalt, although a tie way and the transmission line are fomned in the shape of a 
straight line. 

(The 3rd operation gestalt) Drawing 8 and drawing 9 are drawings showing the 
configuration of MACHANDOBARAN of the operation gestalt corresponding to 
claims 2, 5, and 7 of this invention. Drawing 8 is a perspective view and drawing 
9 is a representative circuit schematic. This 3rd operation gestalt is related with 
MACHANDOBARAN of three-dimension MMIC structure. In addition, in both 



drawings, the sign of terminals 1 , 2, and 3, A-D, and B' - D' sliows tlie 
corresponding location. Moreover, these signs correspond with what was used in 
the conventional example ( drawing 23 R> 3). However, the sign B of drawing 8 
supports the sign B in the conventional example, and A'. 
[0038] drawing 8 and drawing 9 - setting - the semi-conductor substrate 1 1 top - 
- touch-down ~ while the laminating of the conductor 10 is carried out - touch- 
down - the 1st capacity 4 is fomned on the semi-conductor substrate 1 1 which 
deleted some conductors 10 and was exposed, the end of this 1st capacity 4 ~ 
touch-down ~ it connects with the conductor 10. this touch-down ~ the laminating 
of the l-th dielectric film 12 is carried out on a conductor 10. Lower layer wiring of 
the 1st tie way 1 and lower layer wiring of the 2nd tie way 2 are formed in the top 
face of this 1st dielectric film 12, respectively. The line length of the 1st tie way 1 
and the 2nd tie way is quarter-wave length, respectively. 
[0039] The end of the left in drawing is the passage temiinal A, and the other end 
of lower layer wiring of the 1st tie way 1 is the 1st terminal B. The passage 
terminal A is connected to the terminal 1 of a signal input. Moreover, the end of 
the method of drawing Nakamigi is passage terminal B', and the other end of 
lower layer wiring of the 2nd tie way 2 is the 1st terminal B. The connection B of 
the other end (the 1st terminal) of lower layer wiring of the 1st tie way 1 and the 
other end (the 1st terminal) of lower layer wiring of the 2nd tie way 2 is connected 
to the other end of the 1st capacity 4 through a through hole 14. 
[0040] That is, with this 3rd operation gestalt, it has considered as the 
configuration which grounds the connection B of the other end (the 1st terminal) 
of lower layer wiring of the 1st tie way 1 , and the other end (the 1st terminal) of 
lower layer wiring of the 2nd tie way 2 through the 1st capacity 4. The laminating 
of the 2nd dielectric film 13 is carried out on the l-th dielectric film 12 with which 
lower layer wiring of such a tie way was formed. The upper wiring of the 1st tie 
way 1 and the upper wiring of the 2nd tie way 2 are formed in the top face of this 
dielectric film 13, respectively. The upper wiring of the 1st tie way 1 is the 
isolation terminal C with which an end is grounded, and the other end is the joint 



terminal D. The terminal 2 of a signal output is connected to the joint terminal D. 
Moreover, the upper wiring of the 2nd tie way 2 is isolation terminal D' by which 
an end is grounded, and the other end is joint terminal C\ The terminal 3 of a 
signal output is connected to joint terminal C. 

[0041] Drawing 10 is the explanatory view of basic actuation of the 3rd and 4th 
operation gestalt corresponding to invention (touch-down a tie way and balun 
circuit in which capacity was formed between conductors) according to claim 2. 
Drawing 10 (a) is amplitude characteristic drawing (calculated value), and 
drawing 10 (b) is phase characteristic drawing (calculated value), the case where 
continuous-line (**) has a difference in the phase velocity of the orthogonal mode 
of a tie way when continuous-line (**) does not have a difference in the phase 
velocity of the orthogonal mode of the 1st [ which constitutes 
MACHANDOBARAN ], and 2nd tie ways in drawing 10 (a) and (b) - a continuous 
line (Ha) - the connection of a tie way, and touch-down ~ the characteristic 
curve at the time of forming capacity between conductors is shown. In addition, a 
tie way and the formed parameter of capacity are as follows. 
[0042] continuous-line (**) - (**) (Ha) ~ setting ~ a tie way - the characteristic 
impedance Ze of even symmetric mode ~ Ze= - the characteristic impedance Zo 
of 121 ohms and an odd symmetric mode is Zo=21ohm, and the line length LI is 
LI =1 .987mm. These are the same as that of the case of the 1 st operation 
gestalt. Moreover, in continuous-line (b), effective dielectric constant epsilone of 
the even symmetric mode of a tie way and effective dielectric constant epsilono 
of an odd symmetric mode are epsilon e=epsilon o= 3.04 equally, respectively. 
Moreover, in continuous-line (b), epsilone=3.04 and effective dielectric constant 
epsilono of an odd symmetric mode of effective dielectric constant epsilone of the 
even symmetric mode of a tie way are epsilono=4.22. Moreover, in a continuous 
line (Ha), effective dielectric constant epsilone of even symmetric mode and 
effective dielectric constant epsilono of an odd symmetric mode are epsilon 
e=epsilon o= 3.04 equally, respectively, and the value C of the formed capacity is 
C= 0.03pF on a tie way. 



[0043] Drawing 10 (a) and (b) show that it is the symmetry mostly considering (b) 
as a core, when change of the amplitude at the time of forming capacity with 
change of the amplitude of (**) and a phase when a difference is in the phase 
velocity of a tie way (Ha), and a phase does not have a difference in the phase 
velocity of a tie way. therefore, a gap of the phase of MACHANDOBARAN 
produced based on a difference being in the phase velocity of orthogonal mode 
although the characteristic impedance of the even symmetric mode of a tie way 
and loss are the same as usual, and the amplitude - the connection of a tie way, 
and touch-down the simple configuration which forms capacity between 
conductors can amend. 

[0044] From the above thing, the balun circuit of this 3rd operation gestalt By the 
configuration which grounded the connection B of the 1st terminal of lower layer 
wiring of the 1st tie way 1 , and the 1st terminal of lower layer wiring of the 2nd tie 
way 2 through the 1st capacity 4 Like the 1st operation gestalt, when a signal is 
inputted from a terminal 1, it turns out that it functions on a terminal 2 and a 
terminal 3 with an equal amplitude as MACHANDOBARAN to which the signal 
with which phases differ 180 degrees is outputted. 

[0045] Hereafter, actuation of the balun circuit (MACHANDOBARAN) of the 3rd 
operation gestalt is explained with reference to drawing 11 and drawing 12 . 
Drawing 11 shows relation with the band of the balun when changing the 
capacity C of MACHANDOBARAN of a configuration of being shown in drawing 8 
and drawing 9 (pF) (calculated value). In addition, the working alignment 
frequency of a balun is 20GHz. 

[0046] In drawing 11 , although the fractional bandwidth in the conventional 
example ( drawing 23 ) is the narrow range of O mark, as a frame encloses and 
shows, it can expand the fractional bandwidth of a balun to 1 .8 or more times 
with the configuration of this invention concerning claim 2 which grounds the 
connection of a tie way through capacity. Drawing 12 is frequency-characteristics 
drawing of the phase contrast at the time of making inserted capacity value C 
into constant value (C= 0.03pF), and an amplitude difference. Phase velocity has 



the relation of the phase velocity of the phase-velocity > odd symmetric mode of 
even symmetric mode. A thick continuous line is the property of the balun of the 
3rd operation gestalt equipped with capacity, and a thin continuous line is the 
property of the balun of a configuration conventionally without capacity. As 
shown in drawing 12 , by inserting capacity shows that the balance property of a 
balun is improvable. 

[0047] that is, it is shown in drawing 8 and drawing 9 - as - the connection of 
two tie ways of quarter-wave length, and touch-down ~ by the simple 
configuration which inserts capacity between conductors, the amplitude and 
phase shift of an output signal of a balun can be made small, and a band of 
operation can be expanded. Moreover, since the frequency band of a balun does 
not become narrow as a value (it sets up more highly than the value of a request 
of the center frequency of a balun) shorter than quarter-wave length or the 
amplitude and phase shift of an output signal do not become large about tie way 
length, the miniaturization of the part circuit which can shorten tie way length is 
realizable. 

[0048] this 3rd operation gestalt - a semi-conductor substrate top ~ touch-down - 
- although the structure of the multilayer / three-dimension MMIC which forms a 
conductor, carries out two-layer fomriatlon of the dielectric film on it, and forms a 
circuit on that film was shown ~ a semi-conductor substrate rear face ~ touch- 
down ~ effectiveness with the same said of the configuration of the micro stripe 
mold MMIC which forms a conductor is acquired. Moreover, the same 
effectiveness is acquired, even if a tie way bends the shape of a meander, and in 
the shape of a spiral and it forms it for much more miniaturization. 
[0049] (The 4th operation gestalt) Drawing 13 is the perspective view showing 
the configuration of MACHANDOBARAN of the operation gestalt corresponding 
to claims 2 and 6 of this invention. An equal circuit is drawing 9 . This 4th 
operation gestalt is related with MACHANDOBARAN constituted from a 
KOPURENA line. In addition, in drawing 11 , the sign of terminals 1, 2, and 3, A- 
D, and B' - D' shows the location where drawing 9 corresponded. 



[0050] As shown in drawing 13 , in the top face of the semi-conductor substrate 
1 1 The two transmission lines, the two transmission lines of the 1st tie way 1 and 
the 2nd tie way 2 it arranges to juxtaposition, respectively - having - moreover, 
the 1st capacity 4 and touch-down - a conductor 10 forms, respectively ~ having 
- the connection B of one transmission line of the two transmission lines of each 
of two tie ways - the 1st capacity 4 - minding - touch-down - it connects with a 
conductor 10. 

[0051] Therefore, the amplitude and phase shift of an output signal of a balun 
can be made small like the 3rd operation gestalt, and a band can be expanded. 
Moreover, since there is neither a frequency band of a balun nor degradation of a 
balance property also considering tie way length as a value (it sets up more 
highly than the value of a request of the center frequency of a balun) shorter than 
quarter-wave length, the miniaturization of the part circuit which can shorten tie 
way length is realizable. 

[0052] It is the same, even if it bends the shape of a meander, and in the shape 
of a spiral and forms with this 4th operation gestalt for much more miniaturization, 
although the tie way is formed in the shape of a straight line. 
(The 5th operation gestalt) Drawing 14 and drawing 15 are drawings showing the 
configuration of MACHANDOBARAN of the operation gestalt corresponding to 
claims 3, 5, and 7 of this invention. Drawing 14 is a perspective view and drawing 
15 is a representative circuit schematic. This 5th operation gestalt is related with 
MACHANDOBARAN of three-dimension MMIC structure. In addition, in both 
drawings, the sign of terminals 1 , 2, and 3, A-G, and B* - G* shows the 
corresponding location. 

[0053] drawing 14 and drawing 15 - setting - the semi-conductor substrate 1 1 
top - touch-down - a conductor 10 carries out a laminating - having - touch- 
down - on a conductor 10, the laminating of the 1st dielectric film 12 is carried 
out. Lower layer wiring of the 1st tie way 31 , lower layer wiring of the 3rd tie way 
33, lower layer wiring of the 2nd tie way 32, and lower layer wiring of the 4th tie 
way 34 are formed in the top face of this dielectric film 12 toward the right. 
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respectively from ******. And a terminal 1 is connected to the passage temiinal A 
of lower layer wiring of the 1 st tie way 31 . 

[0054] Sign B shows the connection of lower layer wiring of the 1st tie way 31 , 
and lower layer wiring of the 3rd tie way 33, and sign B' shows the connection of 
lower layer wiring of the 2nd tie way 32, and lower layer wiring of the 4th tie way 
34. Moreover, Sign F shows the connection of lower layer wiring of the 3rd tie 
way 33, and lower layer wiring of the 2nd tie way 32. The line length (LI 1+L12) 
which added the line length L1 1 of the 1st tie way 31 and the line length LI 2 of 
the 3rd tie way 33 here, and the line length (L21+L22) which added the line 
length L21 of the 2nd tie way 32 and the line length L22 of the 4th tie way 34 are 
quarter-wave length, respectively. That is, Connection F supports Connection B 
and A' in drawing 20 . 

[0055] The laminating of the 2nd dielectric film 13 is carried out on the dielectric 
film 12 with which lower layer wiring of such a tie way was formed. The upper 
wiring of the upper wiring of the upper wiring of the 1st tie way 31 , the 1st 
transmission line 35 of the line length L31 , and the 3rd tie way 33, the upper 
wiring of the 2nd tie way 32, the 2nd transmission line 36 of the line length L31 , 
and the 4th tie way 34 is formed in the top face of this 2nd dielectric film 13 
toward the right, respectively from ******. And the joint terminal G of the upper 
wiring of the 3rd tie way 33 is connected to a terminal 2, and joint terminal C of 
the upper wiring of the 2nd tie way 32 is connected to a terminal 3. Moreover, 
isolation terminal G' of the upper wiring of the isolation terminal C of the upper 
wiring of the 1st tie way 31 and the 4th tie way 34 is grounded, respectively. 
[0056J Sign D shows the connection of the upper wiring and the 1st transmission 
line 35 of the 1st tie way 31 , and Sign E shows the connection of the upper wiring 
and the 1st transmission line 35 of the 3rd tie way 33. Moreover, sign D' shows 
the connection of the upper wiring and the 2nd transmission line 36 of the 2nd tie 
way 32, and sign E' shows the connection of the upper wiring and the 2nd 
transmission line 36 of the 4th tie way 34. 

[0057] In short, the balun circuit of this 5th operation gestalt inserts in a part of 



transmission line of the direction with the joint terminal (G, C) of a tie way, and 
an isolation tenninal (C, G') the transmission line (the 1st transmission line 35, 
the 2nd transmission line 35) which does not constitute a tie way. Drawing 16 is 
the explanatory view of basic actuation of the 5th and 6th operation gestalt 
corresponding to invention (balun circuit which inserted in a part of transmission 
line of the direction with the joint tenminal of a tie way. and an isolation tenninal 
the transmission line which does not constitute a tie way) according to claim 3. 
Drawing 16 (a) is amplitude characteristic drawing (calculated value), and 
drawing 16 (b) is phase characteristic drawing (calculated value). 
[0058] the 1- from which continuous-line (**) constitutes MACHANDOBARAN in 
drawing 16 (a) and (b) - vyhen there is no difference in the phase velocity of the 
orthogonal mode of the 4th tie way and continuous-line (**) has a difference in 
the phase velocity of the orthogonal mode of a tie way, a continuous line (Ha) 
shows the connection of a tie way the characteristic curve at the time of inserting 
the transmission line. In addition, the parameter of a tie way is as follows. 
[0059] continuous-line (**) ~ (**) (Ha) ~ setting ~ the characteristic impedance Ze 
of the even symmetric mode of a tie way ~ the characteristic impedance Zo of 
Ze=121ohm and an odd symmetric mode - Zo=21ohm and line length LI It is LI 
=1. 987mm. Moreover, in continuous-line (b), effective dielectric constant epsilone 
of the even symmetric mode of a tie way and effective dielectric constant 
epsllono of an odd symmetric mode are epsilon e=epsilon o= 3.04 equally, 
respectively. 

[0060] Moreover, in continuous-line (b), epsilone=4.22 and effective dielectric 
constant epsllono of an odd symmetric mode of effective dielectric constant 
epsilone of the even symmetric mode of a tie way are epsilono=3.04. Moreover, 
In a continuous line (Ha), effective dielectric constant epsilone of the even 
symmetric mode of a tie way and effective dielectric constant epsllono of an odd 
symmetric mode are equal respectively, it Is epsilon e=epsilon o= 3.04, and the 
line length L31 of the transmission line to insert is L31=0.33mm. 
[0061] Drawing 16 (a) and (b) show that it is the symmetry mostly considering (b) 



as a core, when change of the amplitude at the time of inserting the transmission 
line with change of the amplitude of (**) and a phase when a difference is in the 
phase velocity of a tie way (Ha), and a phase does not have a difference in the 
phase velocity of a tie way. Therefore, although the characteristic impedance of 
the even symmetric mode of a tie way and loss are the same as usual, the 
simple configuration which inserts the transmission line which does not constitute 
a tie way in a part of transmission line of the direction which has the joint tenninal 
of a tie way and an isolation terminal in a gap of the phase of 
MACHANDOBARAN produced based on a difference being in the phase velocity 
of orthogonal mode and the amplitude can amend. 

[0062] From the above thing, the balun circuit of this 5th operation gestalt By the 
configuration which inserted in a part of transmission line with the joint terminal 
(G, C) of a tie way, and an isolation terminal (C, G') the transmission line which 
does not constitute a tie way Like the 1st operation gestalt, when the close 
mosquito of the signal is carried out from a terminal 1 , it turns out that it functions 
on a terminal 2 and a terminal 3 with this amplitude as MACHANDOBARAN to 
which the signal with which phases differ 180 degrees is outputted. 
[0063] Hereafter, actuation of the balun circuit (MACHANDOBARAN) of the 5th 
operation gestalt is explained with reference to drawing 17 . Drawing 1717 shows 
the frequency characteristics of the phase contrast when making the line length 
of L31 =0.33mm and a tie way into 0.75x (1/4 wave) for the line length L31 of the 
inserted transmission line, and an amplitude difference. A thick continuous line is 
the property of the balun of the 5th operation gestalt, and a thin continuous line is 
the property of the balun of the conventional configuration. 
[0064] Although phase velocity is the relation of the phase velocity of the phase- 
velocity < odd symmetric mode of even symmetric mode, as shown in drawing 
17 , it can make small the amplitude and phase shift of an output signal of a 
balun. Moreover, the part circuit where tie way length becomes short can also be 
miniaturized. Therefore, in the configuration of this 5th operation gestalt, by 
inserting in a part of transmission line of the direction with the joint terminal and 



isolation terminal of a tie way the transmission line which does not constitute a tie 
way, the amplitude and phase shift of an output signal of a balun can be made 
small, and a band can be expanded. 

[0065] Moreover, much more miniaturization of a balun circuit is realizable by 
making the line length of a tie way into a value (it setting up more highly than the 
value of a request of the center frequency of a balun) shorter than quarter-wave 
length, this 5th operation gestalt - a semi-conductor substrate top - touch-down 
- although the structure of the multilayer / three-dimension MMIC which forms a 
conductor, carries out two-layer formation of the dielectric film on it, and forms a 
balun circuit on that film was shown - a semi-conductor substrate rear face - 
touch-down - the configuration of the micro stripe mold MMIC which forms a 
conductor also has the same effectiveness. Moreover, even if it bends a tie way 
the shape of a meander, and in the shape of a spiral and forms it for much more 
miniaturization, it has the same effectiveness. 
[0066] (The 6th operation gestalt) Drawing 18 is drawing showing the 
configuration of MACHANDOBARAN of the operation gestalt corresponding to 
claims 3 and 6 of this invention. Drawing 18 is a perspective view. An equal 
circuit is drawing 15 . This 6th operation gestalt is related with 
MACHANDOBARAN constituted from a KOPURENA line. In addition, in drawing 
18 R> 8, the sign of terminals 1, 2, and 3, A-G, and B' - shows the location 
where drawing 15 corresponded. 

[0067] As shown in drawing 18 Jn the top face of the semi-conductor substrate 
11 While being arranged at juxtaposition, respectively, the two transmission lines, 
the two transmission lines, the two transmission lines, the two transmission lines 
of the 1st tie way 31 and the 3rd tie way 33, and the 2nd tie way 32, and the 4th 
tie way 34 The 1st transmission line 35 between one transmission line of the two 
transmission lines of the 1st tie way 31 , and one transmission line of the two 
transmission lines of the 3rd tie way 33 Moreover, one transmission line of the 
two transmission lines of the 2nd tie way 32, the 2nd transmission line 36 forms 
with the air bridge 39, respectively between one transmission lines of the two 



transmission lines of the 4tli tie way 34 ~ liaving - touch-down - the conductor 
10 is also formed. 

[0068] Therefore, the amplitude and phase shift of an output signal of a balun 
can be made small like the 5th operation gestalt, and a band can be expanded. 
Moreover, much more miniaturization of a balun circuit Is realizable similarly by 
making the line length of a tie way Into a value (it setting up more highly than the 
value of a request of the center frequency of a balun) shorter than quarter-wave 
length. It is the same, even if it bends the shape of a meander, and in the shape 
of a spiral for much more miniaturization and forms with this 6th operation gestalt, 
although a tie way and the transmission line are formed in the shape of a straight 
line. 

[0069] (The 7th operation gestalt) Drawing 19 is the representative circuit 
schematic showing the configuration of MACHANDOBARAN of the operation 
gestalt corresponding to claims 4, 5, 6, and 7 of this invention. In the equal circuit 
( drawing 15 ) of the 5th operation gestalt and the 6th operation gestalt, 
MACHANDOBARAN of this 7th operation gestalt is changed into the 1st 
transmission line 35, inserts the 1st inductor 40, changes it into the 2nd 
transmission line 36, and inserts 2nd INDAKU 41 . Others are the same as that of 
drawing 15 . 

[0070] Drawing 20 is the explanatory view of the basic actuation of the 7th 
operation gestalt according to claim 4 which carries out an invention (balun circuit 
which inserted inductor in a part of transmission line of direction with joint 
terminal [ of a tie way ], and isolation terminal) response. Drawing 20 (a) is 
amplitude characteristic drawing (calculated value), and drawing 20 (b) is phase 
characteristic drawing (calculated value), the 1- from which continuous-line (**) 
constitutes MACHANDOBARAN in drawing 20 (a) and (b) - when there is no 
difference In the phase velocity of the orthogonal mode of the 4th tie way and 
continuous-line (**) has a difference in the phase velocity of the orthogonal mode 
of a tie way, a continuous line (Ha) shows the connection of a tie way the 
characteristic curve at the time of inserting the transmission line. In addition, the 



parameter of a tie way is as follows. 

[0071] continuous-line (**) -- (**) (Ha) - setting - tlie characteristic impedance Ze 
of the even symmetric mode of a tie way - Ze= - the characteristic impedance 
Zo of 121 ohms and an odd symmetric mode is Zo=21ohm, and the line length 
LI is LI = 1.987mm. 

[0072] Moreover, in continuous-line (b), effective dielectric constant epsilone of 
the even symmetric mode of a tie way and effective dielectric constant epsilono 
of an odd symmetric mode are equal respectively, and are epsllon e=epsilon o= 
3.04. Moreover, in continuous-line (b), epsilone=4.22 and effective dielectric 
constant epsilono of an odd symmetric mode of effective dielectric constant 
epsilone of the even symmetric mode of a tie way are epsilono=3.04. Moreover, 
in a continuous line (Ha), effective dielectric constant epsilone of the even 
symmetric mode of a tie way and effective dielectric constant epsilono of an odd 
symmetric mode are equal respectively, it is epsilon e=epsilon o= 3.04, and the 
inductance value L of the inductor to insert is L=0.1 InH. 
[0073] Drawing 20 (a) and (b) show that it is the symmetry mostly considering (b) 
as a core, when change of the amplitude at the time of inserting an inductor with 
change of the amplitude of (**) and a phase when a difference Is in the phase 
velocity of a tie way (Ha), and a phase does not have a difference In the phase 
velocity of a tie way. Therefore, although the characteristic Impedance of the 
even symmetric mode of a junction line and loss are the same as usual, the 
simple configuration which inserts an inductor in a part of transmission line of the 
direction which has the joint terminal of a tie way and an isolation terminal in a 
gap of the phase of MACHANDOBARAN produced based on a difference being 
in the phase velocity of orthogonal mode and the amplitude can amend. 
[0074] From the above thing, the balun circuit of this 7th operation gestalt By the 
configuration which inserted the inductor in a part of transmission line of the 
direction with the joint terminal (G, C) of a tie way, and an isolation terminal (C, 
G') Like the 1st operation gestalt, when a signal is inputted from a terminal 1, it 
turns out that it functions on a terminal 2 and a terminal 3 with this amplitude as 



MACHANDOBARAN to which the signal with which phases differ 180 degrees is 
outputted. 

[0075] Hereafter, actuation of the balun circuit (MACHANDOBARAN) of the 7th 
operation gestalt is explained with reference to drawing 21 . Drawing 2121 shows 
the phase contrast and the amplitude difference when making the line length of 
L40=0.1 1nH and a tie way into 0.75x (quarter-wave length) for the value L40 of 
the inserted inductor (40 41). A thick continuous line is the property of the balun 
at the time of the configuration of this 7th operation gestalt, and a thin continuous 
line is the property of the balun of the conventional configuration. 
[0076] Although it is a thing in case phase velocity has the relation of the phase 
velocity of the phase-velocity < odd symmetric mode of even symmetric mode as 
for drawing 21 , it turns out that the amplitude and phase shift of an output signal 
of a balun become small. Moreover, drawing 21 shows the case where the line 
length of a tie way is made shorter than quarter-wave length. Therefore, by 
considering as the balun circuit of a configuration of inserting an inductor in a part 
of transmission line of the direction with the joint terminal and isolation terminal of 
a tie way, the amplitude and phase shift of an output signal of a balun can be 
made small, and a band can be expanded. 

[0077] Furthermore, much more miniaturization of a balun circuit is realizable by 
making the line length of a tie way into a value (it setting up more highly than the 
value of a request of the number of main **** of a balun) shorter than 1/4 wave. 
With this 7th operation gestalt, although only the equal circuit was shown, even if 
constituted on the KOPURENA line in the configuration of the above-mentioned 
three-dimension MMIC or the micro stripe mold MMIC, and a pan, there is same 
effectiveness. Moreover, even if it bends a tie way the shape of a meander, and 
in the shape of a spiral and fomns it for much more miniaturization, it has the 
same effectiveness. 

[0078] (The 8th operation gestalt) Drawing 22 is the block diagram of the balance 
mold frequency converter of the operation gestalt corresponding to claim 8 of this 
invention. That is, this 8th operation gestalt is related with the balance mold 



frequency converter using any one MACHANDOBARAN of seven operation 
gestalten explained above. This balance mold frequency converter is equipped 
with the frequency converter 21 of any one MACHANDOBARAN [ 20 or 2 ] of 
seven operation gestalten of this invention, and the WIII<inson divider 22 in 
drawing 22 . MACHANDOBARAN 20 distributes mutually LO signal (a game 
dispatch numbers) impressed to LO input terminal due to an opposite phase to 
one input edge of two frequency converters 21 . Two frequency converters 21 
carry out frequency conversion of the IF signal (intermediate frequency band 
signal) impressed to IF input terminal of another side according to LO signal from 
MACHANDOBARAN 20, and output it to the Wilkinson divider 22. The Wilkinson 
divider 22 is in phase, compounds the output of two frequency converters 21 , 
and outputs a RF signal (RF band signal) to RF appearance mosquito terminal. 
[0079] It is oppressed that LO signal is leaked and outputted to RF output 
terminal since LO signal by which the balance mold frequency converter of this 
8th operation gestalt is impressed to LO input terminal by the above configuration 
is given to two frequency converters by the opposite phase of an equal amplitude. 
That is, although it is realizable by three-dimension MMIC structure, the micro 
stripe mold MMIC, and coplanar type MMIC, by using MACHANDOBARAN 
concerning the operation gestalt of this invention, the balance mold frequency 
converter of the above-mentioned configuration can oppress the leakage of LO 
signal substantially, and it can miniaturize and it can broadband-ize a circuit. 
[0080] 

[Effect of the Invention] As explained above, the balun circuit of this invention In 
MACHANDOBARAN realized on semi-conductor substrates, such as GaAs and 
Si the connection and touch-down which insert the transmission line in the 
connection of a tie way ~ capacity is inserted between conductors - Since it is 
the configuration which inserts the transmission line which does not constitute a 
tie way, and an inductor in a part of transmission line of the direction which 
furthermore has the joint terminal and isolation terminal of a tie way, although the 
characteristic impedance of even symmetric mode and loss are the same as 



usual, they can make small the amplitude difference and phase contrast of an 
output signal. 

[0081] Moreover, with the transmission line and capacity to insert, since the 
phase contrast between the output terminals of a balun can be amended, phase 
balance can be maintained over a broadband. Furthemiore, since it becomes 
unnecessary to make the thickness of interchange digitization of a tie way or a 
MMIC substrate increase like MACHANDOBARAN by which the former was 
improved, it can miniaturize. Therefore, it can oppress that a station dispatch 
number begins to leak to a RF outgoing end 180 degrees with the balance mold 
frequency converter using the balun circuit concerning this invention as a signal 
distribution circuit. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is circuitry drawing (perspective view) of MACHANDOBARAN of 
the operation gestalt corresponding to claims 1, 5, and 7 of this invention. 
[Drawing 2] It is the representative circuit schematic of MACHANDOBARAN of 
the operation gestalt corresponding to claims 1,5, and 7 of this invention. 



[Drawing 3] It is the explanatory view of the basic actuation at the time of 
connecting a tie way using the transmission line, (a) is amplitude characteristic 
drawing (calculated value) and (b) phase characteristic drawing (calculated 
value). 

[Drawing 4] It is related drawing of the line length of the 1st transmission line, and 
a fractional bandwidth. 

[Drawing 5] It is frequency-characteristics drawing of the amplitude difference 
and phase contrast at the time of making the line length of the 1st transmission 
line into constant value. 

[Drawing 6] It is related drawing (calculated value) of a band of operation to the 
line length of the tie way which constitutes MACHANDOBARAN. 
[Drawing 7] It is the perspective view showing the configuration of 
MACHANDOBARAN (KOPURENA line mold) of the operation gestalt 
corresponding to claims 1 and 6 of this invention. 

[Drawing 8] It is circuitry drawing (perspective view) of MACHANDOBARAN of 
the operation gestalt corresponding to claims 2, 5, and 7 of this invention. 
[Drawing 9] It is the representative circuit schematic of MACHANDOBARAN of 
the operation gestalt corresponding to claims 2, 5, and 7 of this invention. 
[Drawing 10] the connection of a tie way, and touch-down - it is the explanatory 
view of the basic actuation at the time of forming capacity between conductors, 
(a) is amplitude characteristic drawing (calculated value) and (b) phase 
characteristic drawing (calculated value). 

[Drawing 11] It is related drawing of capacity value and a fractional bandwidth. 
[Drawing 12] It is frequency-characteristics drawing of the amplitude and phase 
at the time of making capacity value into constant value. 
[Drawing 13] It is circuitry drawing (perspective view) of MACHANDOBARAN 
(KOPURENA line mold) of the operation gestalt corresponding to claims 2 and 6 
of this invention. 

[Drawing 14] It is circuitry drawing (perspective view) of MACHANDOBARAN of 
the operation gestalt corresponding to claims 3, 5, and 7 of this invention. 



[Drawing 15] It is the representative circuit scliematic of l\^ACHANDOBARAN of 
the operation gestalt corresponding to claims 3, 5, and 7 of this invention. 
[Drawing 16] It is the explanatory view of the basic actuation at the time of 
inserting in a part of transmission line with the joint terminal of a tie way, and an 
isolation temninal the transmission line which does not constitute a tie way. (a) is 
amplitude characteristic drawing (calculated value), and (b) is phase 
characteristic drawing (calculated value). 

[Drawing 17] It is frequency-characteristics drawing of the amplitude difference 
and phase contrast at the time of seting constant the line length of the inserted 
transmission line and a tie way. 

(Drawing 18] It is the perspective view showing the configuration of 
MACHANDOBARAN (KOPURENA line mold) of the operation gestalt 
corresponding to claims 3 and 6 of this invention. 

[Drawing 19] It is the representative circuit schematic showing the configuration 
of MACHANDOBARAN of the 7th operation gestalt corresponding to claims 4, 5, 
6, and 7 of this invention. 

[Drawing 20] It is the explanatory view of the basic actuation at the time of 
Inserting an inductor in a part of transmission line with the joint terminal of a tie 
way, and an isolation terminal, (a) is amplitude characteristic drawing (calculated 
value) and (b) phase characteristic drawing (calculated value). 
[Drawing 21] It is frequency-characteristics drawing of the amplitude difference 
and phase contrast at the time of seting constant the line length of the inserted 
inductor and a tie way. 

[Drawing 22] It is the block diagram of the balance mold frequency converter of 
the operation gestalt corresponding to claim 8 of this Invention. 
[Drawing 23] It is the representative circuit schematic of conventional 
MACHANDOBARAN. 

[Drawing 24] It is the mimetic diagram of a voltage-current wave of the standing 
wave on the 1/2-wave line of conventional MACHANDOBARAN. 
[Drawing 25] It is amplitude characteristic drawing of conventional 



MACHANDOBARAN. 

[Drawing 26] It is phase characteristic drawing of conventional 
MACHANDOBARAN. 

(Drawing 27] It Is the representative circuit schematic of the improved march 
YANDO balun. 

[Drawing 28] It is the representative circuit schematic of Improved 

MACHANDOBARAN. 

[Description of Notations] 

1 1st Tie Way 

2 2nd Tie Way 

3 1st Transmission Line 

4 1st Capacity 

5 1st Tie Way 

6 2nd Tie Way 

7 1st Tie Way 

8 2nd Tie Way 

10 Touch-down - Conductor 

1 1 Semi-conductor Substrate 

12 1st Dielectric Film 

13 2nd Dielectric Film 

14 Through Hole 

20 MACHANDOBARAN 

21 Frequency Converter 

22 Wilkinson Divider 

31 1st Tie Way 

32 2nd Tie Way 

33 3rd Tie Way 

34 4th Tie Way 

35 1st Transmission Line 

36 2nd Transmission Line 



39 Air Bridge 

40 1st Inductor 

41 2nd Inductor 
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xhi. zcot^KoBMmscommi. tts^Ls 

[00221 dOi ^>5:fe-&^!§«0T»ffi^i:mi iOfs 
jiJI883*m$ix^c^ 1(7)^*111 2±t^2<7)^ 

sftigii3*««ii$tT.&. :i(om3<omm¥m3^± 

2 <r>±.mmiii^^ti^'nm^$tLi, . m 1 £Oig^iiis& 1 

^ffli^DWi, fi^aj:^3cr)ai^2A<tg«?§ill.. t^t, 
l|2i0ijg-&^S&2O±Si«S{i:, 0+t*O-a*««9fi 

[ 0 0 2 3 1 03 ti. m^^n 1 iz§mcowM im-^m 
'^imm^m^ximvfz^^'^ym) ic^tB-rsm 

K ll2llifeJ^«O*«!)f^i7)iKBH0T'J>2.. 03 
( a ) {iii6«ftt0 (H-»ffl) , 03 ( b ) Hmmc 
0(H-»ffl)T'fcl). 03 (a) (b) KfcV^T, 

[00 241ISIS (>f ) (o) (.'N) tfcV^T. ite-^Sl 
ISTI4. ffit-KW^-f yf-^^>'>^Ze{i:, Ze = 
121^2. ^^-H«7)!Rftt^>'b--:ry;^Zo(4, Zo 
= 2 in. iaS&*L,<4. Li =1 . .9 8 7mm-e*> 

*), gMU^Tti, ^tt^ytr-^yxzoJi, Zo = 

6 0fJ, lea^^eefftt, eeff=3. 3X'ht,^ 



[00 2 51 ^fc. HIS (^)l,Zti\^X. e-&t8»<^ffl 

^tl^tmi,<. ee = eo = 3. 04'CJ>I.. * 

ISS (o) tfcV^T, 
«$eeJ4, ee = 3. 0 4 , H^OHJaiM^e 
oti, eo=4. 22T'ib'S. tfcV^ 

HOl©»S$«^e oJ4, -en-filtf L< e e = e o = 
3. 0 4T'$>0, ^HK-Ctt, Mlfih^LgJi. L3 = 
0. 2&mmX'hh, 

[0026103(a) (b) *>^>. mm.m>mM 

mzm^hi>^-^ (D) im<o^i\:b. rnvm 

mSStOfi[ffiiISt::li*^'=Sr>'^«-& (-< ) $r*'C^i: tXim 
mit^j:':>X^^tZki}ihi)^t. IMoT. 

i)K m^^~\'(^mmzm<s>hz}ii.zm^^±i' 
ftLg (0iii(0fE5Miiif&3SrffA'ts, m^Kpmmzx 

r,xmEt?>:itti^X'^l, 
[00271 &±(0Z tii^h. Z(Omi %WM<r)f^'^ 

vmmt. m i i (^rJtmm imst 

m2(r>m'^im2coTmwmcomi^A' tcomm 
sus&^Lj (omKoismsssx-mmuzm^izx-^ 

X. (023) tiaiait, ^l*>^.fl-^$:A^) 

•ri>i:. ffi^2&y«^3(;{4^*g1iT\ fifflAU 8 0 

[ 0 0 2 8 IWT. m 1 ll{tJg^S<^''^'9 VEffi ( V-f- 
-vyH''N'9>') <O»#l:04~06?:#H^tT^BB't 
l>. 04J4, 01. 02tC^p-r«^<7)-7-f-^>'H''^'7 
y<7) 1 /4 »[^^$ 1 <^^IS588 1 kl^2<0 

ife-^^ 2 ^^m-t^m 1 c^fsa^iiffi 3 co^ss*? L3 

^^lfzt^(r>^<yyco^mt(r)mm^^li'zijCOX'h 
h (fWffl) . ^13, v\'5>'C0K)^lH4"tmSt2 0GH 

[ 0 0 2 9 1 ^^t'. ^N'^ycoijf^^^ti, m^m 
s^L, efflm oswi*!, mam dBiai^fcv^a^fe 

#tSP;iT«-ffl^<Otii^lfi#c5D3 d B«i^$rSl5t-t)a?S 
IS^i^i: UTV^|,. Clflti, S.A.Maas*>'-?-(7)l=»Microw 
ave Mixers Second Edition, Artech House, INC. ,1993^ 
fgfetTV^|.Ci:Sr##fcUv:t<OT'fcS, if At /ill 
lc7)e£mi830M'7^-:?l±, #tt-fyf-;ry;^z 
o*\ Zo=6 0Q. »ja^*eeff*>\ eeff=3. 3 

[00301 04tfcV%T, (023) t'tOJt^ 
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K^LsSr-^ffl ( L3 = 0 . 3 mm ) t Lfz^cf)im 

[003 1] HSlIfeV^T. ±\^tiK mm:L3(L 
3 = 0. 3mm) cOfSMil88(7>S>SmillS6J^®<^>'<7 

iglf ^emKSrJf At C t (c J: -5T A'7 ><oai:^Jil 

I.. 

[00 3 21 0*0. 02{iS^-rJ: 3 {c. 1/4 

(itEffi) . meizm^x. jsw«2oghzT'co^^ 

^S§01/4jg*0ft§ (Lio=l. 987mm) 

tfrfbL^vTi^-^imoiiss* ( L,/L,o ) x'h%>. mi 
im^wt. (GHz ) -cfci). ttz. oe^trntcmisix 

ii^^'kB^C^'^'t-Mi^ (Center frequency of couple 
r) SrS^LT^^S. 

[ 0 0 3 3 ] 06 tS^-r J: d tc. tM^^jfti^tOilSfi. 

^ a< -t I. c: t hcDX\ mmt^^^^izmmx- 

^WiiZ^X'hl. 

[ 0 0 3 4 ] 1 ^]|fi?g.^T{4. ^#f*a«ii±t« 

m±izm^m^i-hf^m/3<!>:7mm i c(7)i«jtfc:o 

[0035] (^2^ifeJgSI) 07<i, *%Bfl<ois*jg 

i:^'rmwsix'hi. ms^^a. ii2T'J>s. 
/•^^yizmth. =srfc. m7iz)5\,^x. mf-i. 2. 

3. A—D&t/A' ~D' CO^^-^ti. m2cr>fimifziiL 



3) T-fiOTL^ttOtmL-rv^l,. 

[0036] 07tcs^-rj: ^t^. 1 1 co±m 

a, >!-it'fii<o2oioeiS8Sco-^r**. ^fliJ[£<om 

KTi^^mx-mm^M. tti. ^mf^mRi i<o 

±mui. iimm^ioi<mi^^ixx\'^i. Lfzi^r, 
X, ^imm^mtmmiz^'<yy(Oiii:nm^(omm&t/ 

[0037] zm2mmmx'ii. m^msi^ism 

yy^'^xj^-f yjumzifx 0 mfxm^bx t> mmx-h 
h, 

disnis^®) 08, 09{i, :^%m<nmim2. 

5, 7t«JC-t&ll;tem^0V-f-^>-H>'N'7y<0lS^ 
i&*-r0TJ>l). 08«fH@0, 09Ji^IllW0TJ> 
::co^3IISS?^ffi«i, 3<?:7nMMicffi^c7)v-^ 
^yY-f^yy{,zmth, ts:ii. nm\iZii\^x, ffli^K 
2,3. A~D&tfB' ~D' cOl?-t«i, itjiBLTtfiB 

3) t'ffifflUctcOfcWjeLTV^S. fIL, 08<^«rf 

[0038] 08, 09tt3V^T, l±t 
1 Otmm^ilh t i: t tc, 1 OCT) 

-^^ffll^ LTHtti 1 1 ±tcS 1 

4 tih, z<r)W>i 4 <o-ffl{4 , mvm^ 

1 ot^^iBl^ixTv^s. c:co««i»ftl 0±fclB i 
«i^c)Kl 2*^ii$ixl.. C:cOlSlc0^i*:]ll 2<0± 
ffitti, S 1 coig-^SSS 1 (nrfmmit , IB 2 oJS-^ll 
»2<OTJiiII8fc3&*-5-n'Pti?ejS$itS. IliiOfe-^ 
881&lXII2<OtS-^S8<Oil8&fi(4, ^tL^til/m 
^X'hi. 

aogSgi'Ati, «-^A^)iO«i^l{c«gg$ni>. 
m2<OM-&*8S82coTiiiiil8J4, 0+fe^O-Sg*>'jil3i 

«^B' Thf). im^'m I f^BThh. mi^m^ 

m& 1 tOTSIMOflllffi (^ 1 ffi^) t m 2 cO^-&iaS8 2 
OT«ilJlc7)fl!!S(miffli^)i:'7)ffig^B{4, X/U-* 
-;H 4 5: :rt- <0^*4 0«{cgiE $ n& . 
[ 0 0 4 0 1 oi: 0 , ::om3llitJ^®X'tt> II 1 <^ 
1 (DTmrnKTi^^ {^i^=F) bm2 (^i^^m 
^2</)Tmm^ffM (miffl^) b<ommuBimi 

(7)^M.4i-fHXmtti>m^tLXht. ;<OJ:a^r 
SS■^IIS80TliSK*>'?gfi£§i^^cm i oi^Sftli 1 2± 
tm2«OS5m*Kl33!)<aS$itl.. ::^I^S*ill3 
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[ 0 0 4 1 ] 121 oji. msm2izim<om 
010 (a) \mmmm , 010 (b) ti 

liffiiNfttHdfSffi) r*>l.. 010(a) (b) ^Zii\^ 
HIS ('f ) Ji. •7-f-^yhVN'5ySr^Bg-ri>||l 

[0042] ISS (^) (O) (^N) tCtSV^T. tS-^ 

ssT'ti, m't-vcows^^ ye-yyxzeii. ze = 

1 2 1 fl. h'iO#t4^ yi^-^^yxz o{i. z o 
= 2 1fi, t8»*Li(i. Li =1. 987inm-C*> 

l>. C:it<i><i:, llll8M»®<7)J^i:|5l:^T'S)l., t 

<ee = eo = 3. 04T'$)I>, tTt. |^ (o) Cfc 
V^T, ife-&i8SI<0<S^-H£0||M^*ee{i. £e = 
3. 0 4. «*-H<OllS*i^«*eo{i. eo=4.2 
2Thl. ttz. ^ U^) tCfcV^T. Jg^ilSK-CJi, 

m- vcom^mmme e . Hcon^sism^ e o 

Ljt^4<7)ttCt4. C = 0. 03pFT'<fel.. 

[00431010(a) (h) i)^t>. mitmc^m 

x-^xmmtizti^x'^i. 

[0044] &±<oz t-b^a, , c:<o®3iiitJ^?s<o/N'9 

y|II8§(±, II 1 c^SS-^^SS 1 (DTMWMi^m 1 S^- fc^ 

2 2 WTflMSom 1 Si" t <0«i^ B 

iff)^m4iiYtxmmLt:mmz}:r>x. mimtm 

iS^3izii.mwmx\ (iffl** 1 8 OiSM^rl.(t-t**ai:ft 



I.. 

[0045] WT. m3mmm<o^<7ym (-7— ?■ 

-vyhVN'^y) (Dmi^^mi i.mi 2^^mLxmm 
•ti. mi Hi. ma. m9i,z^-tm^<r>-7-i-xyv 

K^v XT^mAC ( p F ) i:mz.ti t ^<0-'N'9 yffy^Hik 
ff)m^^:^Lt:i>cr)X'S)^ (tt^ffl) . =5rfc, a'^Vco 
i)#4"C^iaaSt{4. 2 0GHz-e*>l.. 
[0046] 01 IfcfcV^T. (023) T'<7)Jt 

LT^-r SIS^ 2 (c^l.*f6HJ(^ffl^-C 
li. #-CffloT^tidtc, A^yoJt^^JSSrl. 8fg 
JjLtKlfc^c-ri. Z b ^ . 0 1 2 If A U/cS* 

ffiC^-gffi (C = 0.03pF) L-tJ^^iOfifflU 

\^<7)imi&m>'^'i:~\^<7)imm&cr>mmzhh. ±v% 
^«Sr(ii5m3iiieg®<o^N'7y«?)^t:-j) 

I.. 01 2t5^-rj:ptc. S*SrJfA-fl.c:t(cJ:-o-C 
[0047] o|:0s 08, 09lc.T^-r<J:-5t, 1/4 

ffiX'^i,. tfz. i^-^mm^i: 1 /4«fti 0 ^>Mv^^l 

(>N'7y<7)*'C^JSjSdRSr0rMcofflJ: 0 tS<S^) b L 

mmmiiL^<7)-fiif}<±^<^j:lZbii^j:^^<7)X\ ife-^ 
IIKft^S< t'# l>^IIIIf§<^/J«*>'ll3iT'^ I . 

[0048] z<7)m3mmmx'U. ^i^minzm 
mmmm^L. ^<D±tzmmwm^2mmi^L. ^<r> 

^{3[llK§rJ^BR-fl.^l/3»:7cMM 1 Z<mMz-o 

[00491 (ig4ii««9BS) 0 1 3\i. ^wmvm 

jSS:^-rm0T'$>&. ^HlKti. 09T'$)S. Cl^O 
^4 USegJBJinru— MSKT-fltBg t^v— y h' 
A'^ytM-ti.. =5rfc, 01 Itfcv^TSS^l. 2. 
3. A~DSt/B' ~D' <rM^\i. 09O«JEL7t:(a 

[0 0 50] 013{C^J:9fc, 1<0± 

ffiidi, mic7)^^iias&i<o2o<7)fEm«§avm2<7) 
jg-^m202-pcog3£sss*\ -eti-en^^jicESS 
<i. t^trm 1 <^)?g«4 . wmvui 1 oji^-eti wj^jss 

ii, 2oc7)^^j|g§^^^'^ir)2oc7)©^gSO-:*r«o 
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1 oizmn^tii. 

[0051] Lfzti^r,x. ^sm^Mkmrnizj-i^y 

[0052] :i<n^Ammmx'\i. m-^mi^iMm. 
{zm^Lxhhifi. -'m<nfm\t(ni^»>'iz^ryy^ 
yjvmzts^^m^'ixm^Lxi.mmx'hh. 

3. 5. 7\,znmthmmm<7)'7-^^yYf'^yy(r) 
m^iiTf^tmx'h i. , 0 1 4 \i^nm. m 1 sii^iini 

miX'hh. i«^^5^SfiJg®«i, 3»:7nMMlC^3g 
fz&M^^^LX\-^h. 

[00 53] 01 4, 01 StfcV^T, ^f*:a«l 1 

±.\.z\mm\f(^i omm-^ti. wmm ouzm 
ffiwi, m^m^h^^zm^-ox. mK^n^nmi 

<7)Tliail. ^3Wife-&iSSS3 30TJfillis ^2(7)^ 
■^83 2«^TliaK> m4<^jg^im3 4<0Tlli!« 

m,3 icr)Tmm.<nmm=f-A\.zm,itih, 

[0054] B«i, m 1 0^^im3 1 iOTSiB® 
tlg3<0fe-^IU»3 3<0TllS^i:^0^i^?:*t, I? 
^B' {i. m2£7)^-&SSS3 2cOTJiEi8i:m4iO^-^ 
iS«83 4OTiiil^t'0Sf«?a5S:^-r. t?-^F 
(i. m3O«S-&tm3 3<^TJ8i!«tlg2<0iK-^»3 

S&3 1 om^Ln i:IS3(0fe-&il!S3 3(7)mRLi2 

ffi3 2<^ISIIhSLji i:m4cOife^883 4<7)*IS8ftL22 
fc^jDni/cHS&ft (L2, + L22) ti. ^tt^'fi. 1/4 

js*-c'J>-s. 0, «ig!aiF{s. 02 oiizamm. 

SUB, A' tStJEbfV^I). 
[0055]C(OJ:^ ^rfe-^^cOTlEHAW^ti 
/clSm«!|il 2±t^2<7)^«*Ml 3*>'SS§ni>. 
::(om2(OlSS«:Jii 3c^±ffltc{±. 0+£*>^*ci«n 

j|ltRK3 6, m4<^S^i»»3 4<0jJiilti*<. -en-f 

^LT. m3c7)^^^S&3 3(7)±«E^ 
<iOife-&ffi^G{i. ffi^2tC«^Sit, l|2<0ig^jaSS3 

2<o±iieji<oife-&^c' (±. m-3\,zm.^fih. 



[0056] ??^D{i, mic^-&^3 1<7)Jiaiill 
tf(il^m^3 5t(rfmSlimL. ^?#Ett. m 
3«0}g-^iS!f83 3cO±lSeiSfc^ 1 iOfS*ISIffi3 5 fcW 

S^S?a5$:S^-r. ttz. 1$-^D' Ji. ^2<Oife^|li»3 2 
<OiJgiiIigti:m2<oeji««3 6i:<0««ia52rS^L. «P 
-^E- m4<7)fe-&IIK3 4<0±SiS8i:^2<oe^ 

[00 57] StStC. C:<0ll5|IMjfB®c^>'<5>lHl8& 

^(c G')<Dhtij<Dmmin<o-^^zm^im^m& 
L^v mejUuss (IS 1 <^mim 35.^2 oej^tm 

3 5)S:ffAL^t><OfJ)-&. 01 6li, IB^3CfB 

^^n?^ifz^<'yymm (c^FjjE-ri.iS5, ise^ 

Jg®<OS*lW^OiiBB0t'fci.. 016(a) li^m 

m m»m) ,016 ih) iimm.m(M%m)X' 

[OO58]016(a) (b) »3fcV^T. ma ('f ) 

ji, '?-^-^yv^^yy^m^-timi-m4<7>m'^Wi 

S§<:Oil3ct-h'<0{affl3$S(cll*^'=Srv^J«-&, ^ (o) 
ISS (^^) iiH-^^KO^SPtgiSSKS-tfAL:'::^ 
cr>m'OX'hl. 

[0059]^(>f) (n) tt3V>TiS^ft8?8 

cO^^:-FcO#tt^>f-:/>;^Ze{i:, Ze = 12 1 
$^-h'£0^^yt-:5^>XZoJi. Zo = 21 
i^SS^L, {i, Li =1 . 9 8 7mm-C*>l>. * 

('f ) izti\<^x^m<om-'p<7i^^^ 

ee = eo = 3. OAX'hi. 

[0 0601 1^, ^18 (D) {cfev^-c. m-^tm^M 

=i:-¥<7)mm^W£ eii. ee=4. 22. ^^-F 

m (^N) izuK^xf^^mcom-mm^mmmB 

e = eo = 3. 04t'J)0, *?A-ri>€KiMiaK««S5^ 
L3,{i. L3, = 0. 3 3mm-Cj>&. 
[00611016(a) ib) t^h.l^-Btm^im 

jmizm^hh^ (o) cr)W^. im<ri^itb. fsin 
tm(r>imm^izm^^j:^^^ ) i^^'L-tLxim 
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[0 0 6 2] iiLh<oit*»<c., zcDmsmtmmco^-^y 
ymmi. ja^8S<oie^sg^(G. c) fcr-fvu- 
j^ayse? (c, G") (Dh^i^m^-^iz^-^Wi 

mmmtmm^z. m-i*^iom^^:Xirttt. m- 

2mm-3i>zi,immmx\ m^tin s om^j:hm^ 

{00631 OT. SS5Slifeje®<^^N'9 yHffi ( -7-^ 

1 7li, jfALfdEj^J&«omiL3iS-L3i = 0. 3 
3mm. ^-^imcOi^S&ASrO. 7 5x ( l/4«^*) 

[0064] fi[ffl3lJg«i. ffl^-KOfiffiaJg<^*- 

mm<r>-u^zm^m^im^L^j:\^Bm^mx'f 
c 0 0 6 5 ] ^ys. fe-^iiss<?)^i?sftS: 1 /m^x 0 

±{CA'7VIlI»«:J^«-rS^Ji/3»:7tMM I ccoflBi 
[0 0 6 6] (||6|litJg®) 018{i, *^BBOlt* 

^3, 6tc*rjc-tsiiifiJ^!S<o-7-^-vvh'A7yo« 

mi 5(r)nmLtzm.^^-LXUh. 

[00 67] 01 S\,Z5TCtXo<.Z. ^W.^1 10± 

m\,z\i. mi<rM^im3i<^2-:><r>&mm. l^3<o 

3 1 <0 2o<0fi3lllii»<0-:&<0fiSlilSS& fc , m 3 (T)^^ 
m,3 3<02oOgmK<0-:fr<?)^E)^iaSStcoratll 



l<0feitlilSS3 5*<, S^cl^2c7)fe-&t883 2<7)2o<0 

^msk<n~-n<r>^m^t. m4coM^iiS534«2 

3 6*^ -e-iimxTyU y>''3 9tJ:-jT3^IER$iX, 
«li!!«(*l OtJ^fi!t$ixTV>S. 
[0068] L:t**oT. ll5ll«U^!Sfc|SI«tCVN'9y 

^ l/4jS^J:0i>Mv^ffi (A'7>0+'i:>jg«dK2rBfrM 

^^mi^'mmtmMmzB^LxhhtK -;i<o/iN 

fCi,|H|«T-*)l.. 

[0 069 3 (mimmm)mi9\i.^%m(^mik 
3S4. 5. 6, 7\,znmthmmm<^'7~^^yv}<' 
^yffM^^^-mmwmxht, z<mimm% 

mfnmm^ (01 5) tijv^-c, mi<o{E]^ii^3 5 

(C^^TIIl«0>f>'r:?^'4 0?:«rAL. m2<0gm 
S&3 6{;:^i.Tm2<7)>f>r^4 l$:JfAt3tt«Tfc 

I). -?-(^fl!i{i, mi 5 tnmx'hh. 

[00703 02 oji. i««]a4 {cfeK<7)iSB« (m^u 

mim^m.<r>^mi^<m^!mxhh. 020 (a) 

{iS^ilftta (WSM) . 020 (b) Jifi[fflfttt0 

(H-©ffl)T'S)l>. 02 0 (a) (b) iCfcV^T. ^ 
(^) ti. V-f-^>-hVN'7yS:ffl^-r^l^l~l^4c7) 

(D) fi. ig-^SlSS«^Ii3S*-K<0fi[ffljS[]^tll***>S 

nji (A) ^m^mhmmm^zmnmmK 
[0 07 1 ] HIS (-^ ) (D) (A) {cfcv^r, iS-^ia 

SSOffi^-KtO^tt^ >'tr-:ry;^Ze{i. Ze = 12 
IQ, $t-FC0!tftt'fyt-:5^y;?.Zo{i. Zo = 2 
IQ. tia»:^L,Ji. Li =1.987mmTj>S, 
{0Q7 2\ ttz. mm (^) fcfcV^T^^ISSScOffl^ 

-etl-Fil^K. £e = eo = 3.04f*>.5. ttz. 
IS» (o) fcfcv^T, ^^^SScoffit-KO^^i^* 
eeJi, ee=4. 2 2 , HcO^M^«^e o 

ti, eo=3. 04t:-J)l.. SSS (>'N) lCt5V> 

ie?ilUI«*eo{i. 'efX-f*l^t<. ee = eo = 3. 

{iL=0. 1 1 nWX'hh. 

[ 0 0 7 3 ] 02 0 ( a ) {h) tf^h. m^mh<^&.^ 

mizm^hh^ (o) ojus. lifflo^-ftt. -fv 
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[0 0 74] KUi<^C:i:*>«^. ::<0|g7lli6JgS<0V<7 
ylUKfi, ^^^8SiO^^JS^(G. C) tT'fyV- 
1 0 0 7 5 1 WT, lg7^ltJ^jiS<0A'5 yElK ( 

■vyhVN'^y) cot!j#i&02 lS:#BBLTiJiB3-r?>. II 
2 lfAL/C:^yi$^i?^ (4 0. 4 1) omx^^^i 
L40=O.l InH. ^-&^SSc7)i^SS:g$:0.7 5X (1 

I.. ;i0^7^Jgje®O<ifi^^i:^WN*7 
[ 0 0 7 6 ] 02 1 ii. m^rnSM. FOfiffla 

ifffyQiWrnco-^iz^ y^^i^inxtim^co^^^ 

ym$5t-tizti,zX'}X. ^<yy<otii:f}iE^<r>mm& 
x/imco'miA^^<l. i}^'0^m^i&:ki-?>zbifiX' 
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